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1
ELECTRIC ROTATING MACHINE

TECHNICAL FIELD

The present invention relates to an electric rotating
machine.

BACKGROUND ART

An electric rotating machine has a stator and a rotor. The
stator has a stator core around which a stator coil is wound.
The rotor is opposed to the stator via an air gap and rotates
around a rotational axis. If the electric rotating machine is
operated as a motor, an alternating current is transmitted to
the stator coil to generate a rotating magnetic field, thereby
applying rotating force to the rotor to provide mechanical
output. If the electric rotating machine is operated as a gen-
erator, rotating force is applied to the rotor from the outside to
rotate the rotor, thereby providing electric output generated in
the stator coil.

When the electric rotating machine is operated as the motor
or the generator to provide the mechanical output or the
electric output, respectively, as described above, the stator
coil and the stator core produce heat due to losses in the
electric rotating machine. An insulation material for the elec-
tric rotating machine has an upper limit temperature up to
which insulation performance can be kept. When the electric
rotating machine is operated, it is necessary to cool the elec-
tric rotating machine with the use of any method so as to
prevent the insulation material from exceeding the upper limit
temperature.

If methods for cooling an electric rotating machine are
classified depending on a medium used for cooling, they are
divided into a gas cooling method which uses air or hydrogen
as a cooling medium and a liquid cooling method which uses
cooling water or cooling oil as a cooling medium. Of these the
liquid cooling method can be classified into an indirect cool-
ing method and a direct cooling method. In the indirect cool-
ing method, a housing which is provided with a cooling liquid
passage on the outside diameter side or inside diameter side of
a stator core is installed and the stator core and the stator coil
are cooled via the housing. In the direct cooling method, an
electrical insulation liquid such as oil is used as a cooling
medium and is brought into direct contact with the stator core
and the stator coil, which are heat generating portions, for
cooling them.

Incidentally, electric rotating machines can be classified
into distributed winding and concentrated winding according
to the stator coil winding method. Of these the electric rotat-
ing machine of the concentrated winding type is configured
such that a stator coil is wound via an insulation material
around the teeth of the stator core composed of laminated
steel plates.

In general, the teeth of a stator core have a rectangle in
cross-section; therefore, if a stator coil is wound around the
teeth, the bending radius of the coil is increased. Thus, a gap
occurs between the teeth and the insulation material or
between the insulation material and the coil. This gap is
occupied by varnish used to secure the coil or by an air layer.
However, since the varnish and air have low thermal conduc-
tivity, thermal resistance between the coil and the teeth is
increased because of the occurrence of the gap, which
degrades cooling performance.

Technologies to solve such a problem are disclosed in e.g.
patent documents 1 and 2. Patent document 1 intends to bring
a stator coil into close contact with an insulation material by
changing the thickness of the insulation material depending
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2

on positions to conform the cross-sectional shape of the insu-
lation material to the bending radius of the coil. In patent
document 2, the insulation material (the insulation material in
the text of patent document 2) is provided with a thin portion
and another insulation material is inserted into the thin insu-
lation material portion so as to be held between the coils
adjacent to each other. In this way, the coils are intended to be
pressed against the thin portions of the insulation materials.

PRIOR-ART DOCUMENTS
Patent Documents

Patent document 1: JP-2006-211821-A
Patent document 2: JP-2007-221925-A

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

Since, in patent document 1, the thickness of the insulation
material is changed depending on positions, the insulation
material is made partially thicker than the thickness necessary
for electric insulation performance. In general, materials used
for an insulation material is low in thermal conductivity.
Therefore, if the insulation material has a thickness greater
than the thickness necessary for electric insulation perfor-
mance, then sufficient cooling performance may be hard to
obtain.

Also in patent document 2, likewise the thickness of the
insulation material is changed depending on positions and
another insulation material is inserted into the thin insulation
material portion. To ensure electric insulation performance
even at the thin insulation material portion, the other portion
of the insulation material is relatively thicker than the thick-
ness sufficient for keeping the electric insulation perfor-
mance. Thus, sufficient cooling performance may be hard to
obtain.

An object of the present invention is to provide an electric
rotating machine that can improve cooling performance and
maintain insulation quality.

Means for Solving the Problem

To solve the above problem, for example, the configura-
tions described in claims are adopted. The present application
includes a plurality of means for solving the above problem.
One example of such means is given. An electric rotating
machine of concentrated winding includes a rotor rotating
around a rotational axis; and a stator disposed to face a cir-
cumferential surface of the rotor. The stator includes a stator
core having a cylindrical core back and a plurality of teeth
radially extending from the core back, and a coil wound
around the teeth via an insulation material for electric insu-
lation. The electric rotating machine includes a spacer with
electric insulation attached between the stator coils wound
around the corresponding teeth adjacent to each other. The
spacer has a coefficient of linear expansion greater than that of
the stator core.

Effect of the Invention

The present invention can improve the cooling perfor-
mance of the electric rotating machine. In addition, the
present invention can provide the electric rotating machine
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that has the same size as that of the traditional one but offers
output power greater than that of the traditional one.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a stator of an electric
rotating machine.

FIG. 2 is a perspective view of a spacer (a first embodi-
ment).

FIG. 3 is a cross-sectional view taken along a direction
perpendicular to a rotational axis of the stator (the first
embodiment).

FIG. 4 includes cross-sectional views taken along a radial
direction of the electric rotating machine (the first embodi-
ment).

FIG. 5 is a perspective view of a spacer (a second embodi-
ment).

FIG. 6 is a perspective view of a stator (the second embodi-
ment).

FIG. 7 is a perspective view of a spacer (a third embodi-
ment).

FIG. 8 is a perspective view of a spacer (a fourth embodi-
ment).

FIG. 9 is a perspective view of a spacer (a fifth embodi-
ment).

FIG. 10 is a perspective view of a spacer (a sixth embodi-
ment).

FIG. 11 is a cross-sectional view of an electric rotating
machine.

MODE FOR CARRYING OUT THE INVENTION

Embodiments will hereinafter be described with reference
to the drawings.
[First Embodiment]

An electric rotating machine of a first embodiment is
described with reference to FIGS. 1 to 4 and 11.

FIG. 11 is a schematic cross-sectional view of the electric
rotating machine of the present embodiment. The electric
rotating machine of the present embodiment includes a stator
110, a rotor 2 carried by bearings 4, and a housing 3 for
holding the stator 110.

Asillustrated in FIG. 1, the stator 110 includes a stator core
111 formed by laminating magnetic steel plates formed of
thin plates; stator coils 112; and insulation materials 113 for
electrically insulating the stator core 111 and the stator coil
112 from each other.

As illustrated in FIG. 3, the stator core 111 composed of a
cylindrical core back 114 and teeth 115 radially extending
from the core back 114 is configured such that a stator coil
112 is inserted into a slot 116, which is a clearance between
the teeth 115 adjacent to each other, and wound around the
tooth 115.

A spacer 140 is installed in the slot 116 at a position
between the stator coils 112 adjacent to each other. The spacer
140 is made of a material that has electric insulation and a
coefficient of linear expansion greater than that of the stator
core 111. The circumferential width of the spaceris set at such
a size that it is slightly smaller than the clearance between the
stator coils 112 adjacent to each other at the time of assembly
during manufacture, so that the spacer 140 can axially be
inserted into the clearance without damaging an insulation
layer on the front surface of the stator coil 112. In addition, the
circumferential width of the spacer is set at such a size that the
spacer 140 is thermally expanded to press the stator coil 112
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in a circumferential direction (in the direction of the tooth 15)
when it is heated to a high temperature due to the operation of
the electric rotating machine.

With this structure, during the manufacture of the electric
rotating machine (during the assembly thereof), the spacer
140 can easily be inserted into the slot 116, i.e., the clearance.
In addition, when the electric rotating machine 100 is oper-
ated to heat the stator core 111 and the stator coil 112 to a high
temperature, the spacers 140 are thermally expanded so that
the clearances between the stator coils 112 and the corre-
sponding insulation materials 113 and the clearances between
the insulation materials 113 and the corresponding teeth 115
are reduced in size. Thus, the present structure can improve
cooling performance.

The present structure is applicable regardless of methods
for cooling an electric rotating machine. More specifically, in
an indirect cooling method in which cooling liquid is allowed
to flow in a passage installed in a housing, most of heat
generated in a stator coil is transmitted to a stator core and
flows into the cooling liquid in the passage installed in the
housing. In this case, if there is a clearance between the stator
coil and an insulation material or between the insulation
material and the stator core, air or varnish having a small
thermal conductivity is interposed in the clearance, so that
there is a possibility of not offering sufficient cooling perfor-
mance. Thus, the configuration of the present invention can
make small the clearances between the stator coil and the
insulation material and between the insulation material and
the stator core, thereby making it possible to more improve
cooling performance.

In a direct cooling method in which insulating liquid such
as oil is brought into contact with a stator core or a stator coil,
which is a main heat source of an electric rotating machine, to
cool an electric rotating machine, heat generated in the stator
core is partially transmitted to the stator coil and also flows
into a cooling medium (oil) along with the heat generated in
the stator coil. In this case, if there are clearances between the
stator coil and an insulation material and between the insula-
tion material and the stator core, likewise cooling perfor-
mance is degraded. The structure of the present invention can
make small the clearances between the stator coil and the
insulation material and between the insulation material and
the stator core, thereby making it possible to more improve
cooling performance.

[Second Embodiment]

Another embodiment of the present invention will be
described with reference to FIGS. 5 and 6.

The present invention is characterized in that the spacer
140 of the first embodiment is provided with grooves 141 in
its surface with which stator coils 112 are allowed to be in
contact. The grooves of the spacers 140 are paired with con-
cavities and convexities of the surface of the outermost cir-
cumference of the stator coil 112. In this way, when the spacer
140 is inserted into the slot 116, i.e., the clearance, a possi-
bility of damaging the surface ofthe stator coil 112 is reduced.
In addition, when an electric rotating machine is operated to
be heated to a high temperature, the stator coil 112 and the
spacer 140 come into contact with each other in a wider area.
Thus, the spacer 140 can press the stator coils 112 at a uniform
force.

[Third Embodiment]

Another embodiment of the present invention will be
described with reference to FIG. 7.

The present embodiment is characterized in that the cross-
sectional shape of the spacer 140 of the first or second
embodiment is varied depending on the axial position of the
electric rotational machine 100. More specifically, the present
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embodiment is characterized in that the spacer 140 is
designed to come into contact with the stator coil 112 only in
the vicinity of the axially central portion of the stator core
111. In addition, the circumferential length and radial length
of the spacer 140 are reduced in the vicinity of the axial end
portion other than the vicinity of the axially central portion.

With this structure, when the electric rotating machine 100
is operated and heated to a high temperature, the spacer 140
comes into contact with the stator coil 112 only in the vicinity
of the axially central portion of the stator core 111. In addi-
tion, the spacer 140 presses the stator coil 112 in a circum-
ferential direction. However, a clearance is left between the
spacer 140 and the stator coil 112 in the vicinity of the axial
end portion of the stator core 111.

The present embodiment is assumed to be applied to a
direct cooling method in which an insulating liquid such as oil
is used as a cooling medium that is brought into direct contact
with the stator coil.

In order to improve the cooling performance of the direct
cooling method, it is necessary to increase as much as pos-
sible an area where a cooling medium and a coil are in contact
with each other. To meet the necessity, as described above, the
spacer 140 and the stator coil 112 are brought into close
contact with each other only at the axially central portion of
the stator core 111. In addition, the clearance is left between
the spacer 140 and the stator coil 112 in the other portions and
the cooling medium is allowed to flow into the clearance.

With this structure, the spacer 140 is thermally expanded to
press the stator coils 112 against the corresponding teeth 115
atthe axially central portion where the clearance has tended to
occur between the stator core 111 and the stator coil 112. In
addition, the cooling medium flows in the clearance between
the spacer 140 and the stator coil 112 at the axial end portion.
Thus, the electric rotating machine with a high degree of
cooling performance is provided.

[Fourth Embodiment]

A fourth embodiment may be structured as below as a
modified example of the third embodiment. As illustrated in
FIG. 8, the spacer 140 extends to the outside diameter side of
the slot 116 only at an axially central portion of the stator core
while the other portion thereof axially extends like a plate
only on the inside diameter side of the slot. With this struc-
ture, the spacer 140 is thermally expanded to press the stator
coils 112 against the corresponding teeth 115 at the axially
central portion of the spacer 140. In addition, the other por-
tions of the spacer 140 can be made to function as a guide
plate adapted to lead the cooling medium from the axially end
portion to the axially central portion.

As illustrated in FIG. 8, the spacer 140 may be provided
with the grooves 141 as illustrated in the second embodiment.
[Fifth Embodiment]

A fifth embodiment may be structured as a modified
embodiment of the fourth embodiment such that a radial rib
142 is provided at a plate-like portion of the spacer 140 other
than the axially central portion thereof as illustrated in FIG. 9.
According to the present structure, the strength of the plate-
like portion at the axial end portion of the spacer 140 can be
more increased by the rib 142. Therefore, it is possible to
prevent the breakage of the spacer 140 due to vibrations
occurring during the assembly or operation of the electric
rotating machine.

[Sixth Embodiment]

FIG. 10 illustrates a modified example of the first to fifth
embodiments. As in a sixth embodiment, a plurality of the
spacers 140 illustrated in the first to fifth embodiments can be
structured so as to be unified by a ring 143 at an axial end
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portion of the stator core. The present structure canreduce the
number of the spacers 140; therefore, the number of compo-
nent parts and assembly man-hours can be reduced to reduce
the costs for manufacturing the electric rotating machine. In
FIG. 10, the spacers 140 for all the slots of the electric rotating
machine are united with the single ring 143, thereby making
the spacers 140 as a single component part. However, the
single component part may be divided into two or more
component parts.

It is to be noted that the present invention is not limited to
the aforementioned embodiments, but covers various modi-
fications. While, for illustrative purposes, those embodiments
have been described specifically, the present invention is not
necessarily limited to the specific forms disclosed. Thus,
partial replacement is possible between the components of a
certain embodiment and the components of another. Like-
wise, certain components can be added to or removed from
the embodiments disclosed.

EXPLANATION OF REFERENCE NUMERALS

100 Electric rotating machine
110 Stator
111 Stator core
112 Stator coil
113 Insulation material
114 Core back
115 Tooth
116 Slot
120 Rotor
140 Spacer
141 Groove
The invention claimed is:
1. An electric rotating machine, comprising:
a rotor rotating around a rotational axis; and
a stator disposed to face a circumferential surface of the
rotor,
the stator including a stator core and a stator coil, the stator
core having a cylindrical core back and a plurality of
teeth radially extending from the core back, the stator
coil being wound around the teeth in concentrated wind-
ing via an insulation material,
the electric rotating machine further comprising a spacer
having electric insulation performance, the spacer being
attached between the stator coils each wound around the
respective teeth adjacent to each other,
wherein the spacer has a coefficient of linear expansion
greater than that of the stator core,
wherein the spacer has a different circumferential length
depending on axial direction of the stator core, and
wherein the circumferential length of the spacer is maxi-
mum in the vicinity of a rotational-axial center of the
stator core, and the circumferential length of the spacer
is less than the maximum outside of the vicinity of the
rotational-axial center of the stator core.
2. The electric rotating machine according to claim 1,
wherein the spacer has a coefficient of linear expansion
greater than that of the stator coil.
3. The electric rotating machine according to claim 1,
wherein the spacers are circumferentially connected to
each other at an axial end portion of the stator core.
4. The electric rotating machine according to claim 1,
wherein the spacer has a surface facing the stator coil and
formed with a groove adapted to allow a side surface of
the stator coil to come into close contact therewith.
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